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ABSTMGT 


Direction-finditig measurements -witli the plasma •v;ave experiments 
on the HAWKEYE 1 and IMP 8 satellites are used to find the source lo- 
cations of type III solar radio hursts in heliocentric latitude and 
longitude in a frequency range from 31 •! hHz to 500 Miz. IMP 8 has 
its spin axis perpendicular to the ecliptic plane; hence, by analyzing 
the spin modulation of the received signals the location of the type 
III burst projected into the ecliptic plane can he found. HAMEYE 1 
has its spin axis nearly parallel to the ecliptic plane; hence, the 
location of the source out of the ecliptic plane may also be determined. 
Using an empirical model for the emission frequency as a function of 
radial distance from the sun the three-dimensional trajectory of the 
type III radio source can be determined from direction-finding measure- 
ments at different frequencies. Since the electrons which produce these 
radio emissions follow the magnetic field lines from the sun these meas- 
urements provide information on the three-dimensional structure of the 
magnetic field in the solar wind. The source locations projected into 
the ecliptic plane follow an Archimedian spiral . Perpendicular to the 
ecliptic plane the source locations usually follow a constant helio- 
centric latitude. VJhen the best fit magnetic field line throng the 
source locations is extrapolated hack to the sun this field line usually 
originates within a few degrees from the solar flare which produced the 
radio burst. With direction-finding measurements of this tyje it is also 
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possible to determine the source size from the modulation factor of 
the received signals* Por a type III event on June 8, 197^, the half 
angle source size was measured to be ~ 6o° at 500 JsHz and ~ Uo" at 
56,2 kHz as viev^ed from the sun. 
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X. IMODUCTION 

Broadband radio emissions of solar origin characterized By a 
rapid decrease in frequency ■with increasing time were first reported 
by Wild and McCready (1950) and designated type III radio bursts. 

These first obser'vations of type III bursts were made in the frequency 
range from 70 to 13O MHz. In addition to being characterized by a 
rapid frequency drift, type III bursts Iiave lifetimes which increase 
with decreasing frequency and have shorter rise times than decay 
times. The amplitude of the bursts during the decay is proportional 
to e (wild 1950), where fc is the decay constant and t is time. 

For a general re'view of ground based type III radio burst obser-va- 
tions see Kundu (1965). 

Wild ^ al. (195^) speeuiated that the rapid frequency drift 
is caused by charged particles moving out-ward through the solar 
corona emitting electromagnetic radiation at a frequency characteristic 
of the solar wind. Solar flare electrons -with energies of 'v 4o heV 
were first observed in the interplanetary medium and identified to 
be of solar origin by Van Allen and Kfimigis (1965). A higb correlation 
betvreen the onset of solar flare electrons in the energy range of 1 to 
100 keV and type III emission near I.O AU indicates that these electrons 
generate the type III bursts (Lin 1970, Alvarez ^ al. 1972, Frank and 
Gurnett 1972, Lin ^ al, 1973j Alvarez et al. 1975, Gurnett and Frank 1975) 
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Measurements of the frequency drift rates of type III hursts 
provide information on the solar -wind, density, if the frequency of 
emission as a function of heliocentric radial distance is assumed to 
he related to the local plasma frequency, The velocity of the exciter 
electrons may also he determined from the frequency drift rates . Ex- 
citer velocities ranging from 0.2 to 0.8 times the velocity of light 
with an average velocity of 0,45 c were calculated for frequencies be- 
tween 6o and 45 MHa (Wild et al. 1959) • average exciter velocity 

calculated from measurements hy the EAE 1 satellite for frequencies 
between MHz and 2,8 MHz i^as O.38 c (Eainherg and Stone 1970). 

Other drift rate measurements give similar results (Hartz 1984, 19^9 i 
Alexander et al, I989; Haddock and Graedel 1970; Fainherg and Stone 
1971). These drift rate measurements give electron velocities that 
are in agreement with the energy range of the solar electrons observed 
in the interplanetary medium hy the satellite experiments. 

Ginzherg and Zhelezniakov (1958) suggested that type III hursts 
are generated by a coherent Cerenkov process. The energetic particles 
generate plasma waves at a frequency near the local plasma frequency 
hy a two-stream instability. Then the plasma waves scatter off ion 
density inhomogeneities to produce electromagnetic radiation near the 
plasma frequency and also scatter off other plasm waves to produce 
radiation near the second harmonic. The theory has since been revised 
hut the process is basically the same (Smith I970, 1974). 

Models of the density of the solar wind can he used to deter- 
mine the radial distances from the sun at which type III hursts 
radiate at different frequencies. Kaiser's (1975) study of the solar 
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elongation of type III bursts indicates that the density of the solar 
wind from approximately 0.1 AU to 1.0 AU varies as where 2 ^ Y— 3* 
Measurements of several thousand events were used to formulate the RAE 
emission level scale (Fainberg efc al. 1972, Fainberg and Stone 1974). 
The RAE emission level stale relates the frequency of emission of a 
type III burst to the radial distance of the burst from the sun. A 
solar wind density model can be conqauted from the RAE emission level 
scale if it is assumed that the radiation occurs at the fundamental 
or second harmonic of the plasma frequency . Initially the radiation 
was assumed to be at the fundamental of the plasma frequency {Fainberg 
et al. 1972). The solar wind density models formulated from the ana- 
lysis of type III bursts assuming emission at the fundamental of the 
plasma frequency usually disagreed mth the observed plasma densities 
at 1.0 AU (Uewkirh 1967)* Evidence now exists that radiation is pre- 
dominantly at the second harmonic for low frequencies (Fainberg^ al. 
1972, Fainberg and Stone 1974, Lin ^ al. 1973, Haddock and Alvarez 
1973 j Alvarez et al, 1975^ Kaiser 1975) • The assumption of second 
harmonic emission brings densities calculated from the RAE emission 
level scale to better agreement with solar wind density measurements at 
1.0 AU. For a model of the solar frf,nd plasma density this paper uses 
the RAE emission level scale with the assumption of second harmonic 
emission. For a review of density measurements see Rewkirh (1967). 
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Since the electrons that generate type III bursts travel along 
the solar magnetic field lines, information can be obtained about the 
structure of the interplanetary magnetic field by analyzing the 
direction of arrival of a type III burst as a function of frequency. 

The source location of the type III burst can be determined from the 
direction -finding measurements and the radial distance of th^: emission 
from the sun can he computed from a model of the solar wind densliy. 

The source location of the bxirst as a function of frequency, and hence 
radial distance, trace the magnetic field out from the sun. 

The first direction-finding measurements of type III bursts were 
made by Slysh (196?) iising spin modulation and lunar occult at ions of 
the Luna 11 and 12 satellites to determine the source locations. 
Direction-finding measurements on the IMP 6 spacecraft confirmed that 
the type III emission regions as a function of frequency, and hence the 
electrons generating the type III bursts, follow the Archimedean spiral 
structure of the solar magnetic field (Lin et al. 1973^ Fainherg ^ al. 
1972, S'ainberg and Stone 197^, Stone 197^)» 

Up to the present time dxrection-finding measurements of type III 
radio btirsts have only provided one coordinate, in the plane of rotation 
of the antenna, of the direction of arrival. These one -dimensional 
measurements therefore only give a projection of the source location and 
do not provide a unique determination of the trajectory of the radio 
burst. Measurements of the source size from the spin modulation are 
similarly cunbiguous for such one -dimensional measurements since the 
modulation of the received signal is also a function of the unknown ele- 
vation angle of the source above the plane of rotation of the antenna. 
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The purpose of this paper is to present a series of two-dimensional 
direction-finding measurements of type III rad.io bursts using spin mod- 
ulation measurements from two satellites (IMP 8 and HAWKE5fE 1) which 
have their spin axes nearly perpendicular to each other. Simultaneous 
direction -finding measurements from these satellites provide a unique 
determination of the direction of arrival (along a line) and the angular 
size of the source. This two-dimensional direction-finding technique 
is used, together with a model for the sol^ wind plasma density, to 
provide determinations of type III source locations out of the ecliptic 
plane and Information on the three-dimensional structure of the solar 
magnetic field at radial distances of 0.2 to 1.0 AU from the sun. 
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II. DESCiaiTIOK OF IIJS!I?RUMEim.TIOE 

Data from two sate3J.iteSj IMP 8 and. HAMEYE 1, are used in 
the direction-finding analysis. The three events analyzed occurred 
during June and July, 197^* All of the data presented in this paper 
were taken while the satellites were in the solar wind. Therefore, 
it was possible to am lyze events dovm to frequencies near the solar wind 
plasma frequency, which is typically about 25 kHz at 1.0 Atf. 

The IMP S spacecraft was launched into earth orbit from the 
Eastern Test Range on October 26, 1973* The orbit is slightly eccen- 
tric with initial perigee and apogee geocentric radial distances of 
14Y,434 km and 295,054 km, respectively, inclimtion of 28.6°, and 
period of 11. 98 days. The spacecraft is spin stabilized with its 
spin axis oriented very nearly perpendicular to the ecliptic plane 
with a spin period of about 2.59 sec. 

The University of Iowa plasma wave experiment on IMP 8 measures the 
average electric field intensity in a frequency range from 40 Hz to 
2 MHz and the average magnetic field intensity from 4o Hz to I.78 
kHz. The electric field receiver is connected to a dipole antenna 
with a nominal tip-to-tip length of 121.8 m extended perpendicular 
to the spin axis, and the magnetic field receiver is connected to a 
triaxial search coil magnetometer. Electric field spectral measure- 
men, ,= are made in 15 fixed frequency channels extending from 4o Hz 
to 178 kHz and in one channel -^ath selectable frequency. The select- 
able frequency channel my be tuned to measure the average electric 
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field intensity at 31-1 kHz, 125 kHz, 500 IsHz, or 2 MHz with a band- 
width of + 1,0 kHz. 

The HAWKEYE 1 spacecraft ms launched into polar earth orbit 
on June 3, 197^ from the Western Test Range, The orbit is hi^ly 
eccentric mth initial perigee and apogee geocentric radial distances 
of 684? km and 130,856 km, respectively, inclination of 89.79*^^ 
period of 49,94 hours. The initial argument of perigee is 274.6“; 
thus, apogee is almost directly over the north pole. Ihe spacecraft 
is spin stabilized mth a spin period of about 11.0 sec. Tl:ie spin 
axis lies in the plane of the orbit and is nearly parallel to the 
equatorial plane with a ri^t ascension of 300.7*’ and declination of 
6 , 8 “. 

The MWKEYE 1 plasma wave experiment is similar to the IMP 8 
plasma mve experiment. The electric field receiver is connected to 
a dipole antenna with a nominal tip-to-tip length of 42.45 extended 
perpendicular to the spin axis. The magnetic field receiver is 
connected to a search coil magnetometer that is oriented parallel 
to the spin axis . Electric field spectral measurements are made in 
16 fixed frequency channels extending from I.78 Hz i I78 kHz, and 
magnetic field spectral measurements are made in 8 frequency channels 
extending from 1.78 Hz to 5.62 kHz. 
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III. DIRECTIOH-FUroiHG lECHMIQUE 

A. Calculation of the Direction of Aprival 

The amplitude of the detected signals fi'oin each satellite has 
a modulation caused hy the robation of the electric dipole antenna. 

The angular position of the null in the modulation pattern can he 
used to determine a component of the source direction. The null in 
the modulation pattern occurs when the antenna is most nearly parallel 
to the wave propagation vector, and the maximum occurs when the antenna 
axis is perpendicular to the propagation vector. The depth of' the 
null is determined hy the size of the source and the elevation angle, 

O', between the plane of rotation of the antenna and the source direc- 
tion. As a increases or as the source size increases the depth of 
the null decreases. 

For hoth HAWKBHil 1 and IMP 8 the data sampling intervals are 
comparable to the spin period; thus, many rotations of the satellite 
are required to obtain a uniform angular distribution of samples 
through 360®. The time period necessary to collect a complete set of 
samples throu^ 360 ° will be referred to as a sanpling cycle. 

The direction-finding routines used for analysis normalize 
the data to reduce the effects of amplitude changes that take place 
in a time interval that is long comp^ed to the spin period. This 
normalization is performed by subtracting the average of all san^les 
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in the san^ling cycle from each of the individual samples. Since 
the samples are proportional to the logarithm of the electric field 
intensity the normalization process is equivalent to dividing each 
sample by the geometric average intensity during the sampling cycle. 

lo determine the null direction, 6, data is accumulated over 
the duration of the type III event at each frequency and is then 
fit hy the method of least sqimres to the theoretical modulation 
envelope given by 





I cos [2(6^ - 6)] 



where E/E is the normalized intensity and 6 is the orientation angle 
of the electric antenna axis in the plane of rotation of the antenna. 
The null direction, 6, is the direction to the ceirbroid of the source 
projected onto the spin plane of the antenna. The modulation factor, 
m, provides a quantitative measure of the null depth: m is zero for no 

spin modulation, and m is one for the maximum modulation. The null 
direction computed represents the least squares fit 6 over the duration 
of the event. Ehch sample receives an equal weighting in the analysis. 
Since the dipole pattern is assumed to he symmetric, the data from 90° 


< 6„ < 270° is shifted into the range from. -90" S ^ < 90" hy sub- 

y 

tract ing l8o° . 

Another direction-finding routine used for IMP 8 conputes the 
null directioia averaged over 10 minute intervals, rather than the average 
null direction for the entire event. Eor this routine samples from 
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the current sampling cycle receive a weight of 1 while samples from 
previous sampling cycles are multiplied by a weighting factor that 
decreases exponentially for earlier times. The exponenbial weighting 
factors make it possible to compute 6 averaged over a shorter pre- 
selected time interval in order to study changes in the direction of 
arrival during an event. 

B, Geometry in the Analysis 

The null direction computed from each satellite locates a plane 
in which the source must lie. The source lies along the intersection 
of the source planes determined by the two satellites. Figure 1 shows 
the geometry of the source planes and the angles and vectors used for 
the computation of the source location. The spin plane is the plane 
in which the anbenna rotates. The spin axis, S, is perpendicular to the 
spin plane. The source plane is the plane in which both the spin axis 
of the satellite and the source lie. The angle between the satellite- 
son line projected into the spin plane and the intersection between 
the spin plane and the source plane is 6. ITormals to both source 

A ^ A 

planes are constructed, is normal to lE/IP o’s source plane and n^ 
is normal to MWEYS I's source plane. The source location vector is 
given by n^ x ng. There is, however, a l 80 “ ambiguity in the soijrce 
location. At high frequencies this ambiguity is decided by assuming that 
the source is in the direction toward the sun. At lower frequencies, 
where the source could be located at radial distances beyond 1.0 AU 
if the emission is at the second harmonic of the pls.cma "frequency > the 
ambiguity is decided by reijiiring the source position to be in agreement 


with an e^dirapolation of the measurements at higher frequencies. The 
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source direction computed from x after deciding the ambiguity, 
is given in geocentric solar ecliptic coordinates, and cp^g^,. 

The angle is the geocentric solar ecliptic latitude of the source, 

measured positive northjTard from the ecliptic plane. The angle tpQgg 
is the solar ecliptic longitude of the source, measured positive counter- 
clockwise from the sun-satellite line as viewed from the north ecliptic 
pole. Since the IMP 8 spin axis is perpendicular to the ecliptic 
plane the null angle 6, which is. referenced to the sun direction, is 
Identical to the geocentric solar ecliptic longitude of the source. 



15 

IV, CHAEACIERISECCS OF TYPE III BDESIS 
OBSERVED BY IMP 8 AED H&.WKEYE 1 

At frequencies beloif? 1 MHz, type III ’btcrsts have several readily 
observed, features. Type III hursts are characteriaed. hy a rapid 
d.ecrease in frequency with increasing time. The modulation factor 
of the hurst varies with frequency and time. The direction of arrival 
is also observed to vary in time for any one frequency. Figure 2 
shows a type III event observed simultaneously by both IMP 8 and 
HA.WKEYE 1. This figure is a plot of the logarithm of the electric 
field intensity measured hy the plasma tjave experiments on hoard the 
two satellites. The data from seven frequency channels of each 
experiment are displayed as a function of time. Eotice that in 
addition to a type III event, other naturally occurring radio signals 
such as auroral hilcmetric radiation and magneto sheath electrostatic 
noise are ohserved. The characteristic frequency drift is evident 
in the type III event shown in Figui’e 2. 

The modulation factor, ohserved at a particular frequency is 
usually greater near the start of the hurst than near the end of the 
hurst. 2he modulation factor also decreases with decreasing frequency. 
At 500 Mia the modulation is usually greater than 0.80 while at fre- 
quencies on the order of the local plasma frequency at 1.0 AU the 
modulation disappears completely. Figure 3 shows data from. the 
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100 IsHz channel of the IMP 8 ejcperiment. In the top panel the 
logarithm of the electric field intensity is plotted as a function 
of time , The modulation of the received, electric field intensity 
caused hy the rotation of the dipole antenna is seen as a periodic 
amplitude fluctuation -with a periodicity of about 100 sec- The bottom 
panel of Figure 3 displays the modulation factor calculated from 
Eq, (1) as a function of time. The modulation factor at the start of 
the bvirst is about 0.65 ■while near the end of the burst the modulation 
factor is about 0.25* 

At a particular frequency the direction of arrival changes 
systematically during the duration of the burst, usually starting 
near the sun and deviating a-way from the sun later in the event. The 
direction of arrival usually varies over a mder range at the lower 
frequencies. At 500 kHz there is a shift in of the source of 

about 10', while at 56.2 kHz the shifts by as much as 60** . An 

example of this angle drift at 100 kHz is shown in the center panel 
of Figure 3 - tpQSj; initially near 0° (in the direction of the sun), 
but then changes to approximately 45 “ at the end of the event. To 
compute the source locations for the events analyzed in this paper, 
the direction of arrival is the least squares fit 6 computed over the 
duration of the event. 
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V. piAsm DSEJSiaY AW SOUR mamsTic field models 

Models of tLe solar wind density and the solar magnetic field 
are necessas^y to determine the source locations of the type III hurst 
in three-dimensions. Since data from only two satellites are used 
in the analysis;, only two components of the source locations can he 
determined. A model of the solar wind plasma density provides the 
information required to determine the third component of the source 
locations. 

A. RAE Emission level Scale 

The frequency of emission of type III hursts is a function of 
solar mnd density; therefore, if a density scale of the solar wind 
as a function of heliocentric radial distance is assumed, it is 
possible to calculate the distance from the sun to the type III 
hurst emission region. The ME emission level scale (Falnherg and 
Stone 1970, 197^; l^'ainherg et al, 1975) gives the frequency of emission 
as a function of heliocentric radial distance> independent of any 
assumption of the solar mnd density. A density scale for the solar 
wind can he computed hy assuming that the frequency of emission is 
at either the plasma frequency or at a harmonic of the plasm frequency 
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The density scale shown in Figure 4 is based on the RAE eniission level scale 
and assumes emission at the second harmonic of the plasma frequency. 

Since the BAE emission level scale is an average of many thou- 
sands of bursts, it is desirable on an individual basis to adjust 
the EAE emission level scale so that the density scale agrees with the 
plasma density measured at 1.0 AU in the solar wind. "When the trajec- 
tory of the exciter electrons passes near the eaarfah and situ mea- 
surements of the solar wind density are available, the JE?AE emission 
level scale is adjusted to agr®£ with the density measurements. 

B. Solar Magnetic Field line Configuration 
in the Ecliptic Plane 

In the interplanetary medium the magnetic fields are constrained 
to move with the solar wind plasm flow. For the simplest model, the 
solar wind plasma f lovrs radially out of the sun at a constant velo- 
city oi approximately 400 hm/sec . Since the sun is rotating the 
resulting magnetic field projected into the ecliptic plane corresponds 
to an Archimedean spiral (Barker 1963^ 1964, 1965)* Measurements in 
the ecliptic plane confirm the general spiral structure of the mag- 
netic field (Schatten et al. I968, and review by Schatten 1972) j 
hot'fever, the magnetic field is usually distorted from a perfect spiral 
configuration. For example, clmhges in the velocity of the solar 
wind will produce kinks in the spirals. Other distortions may be 
caused by variations in the magnetie field near the sun and by 
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magnetic field loops in 'which, the field lines near the sun reconnect 
hack to the sun (Schatten 1972)* 

Ci Solar Magnetic yield Line Structure 
in the Meridian Plane 

Ko direct measurements have been made of the solar magnetic 
field configuration out of the ecliptic plane, in the interplanetary 
medium. !Ehe structure of the solar magnetic field may he deduced hy 
indirect measurements, such as the analysis of type III hursts, because 
the traj'ectory of the electrons that generate type III hursts is along 
the solar magnetic field lines. 

The simplest model of the solar magnetic field out of the 
ecliptic plane is the constant latitude model shown in Figure 
which corresponds to a uniform radial flow of the solar vrf.nd plasma 
away from the sun. Projected into the ecliptic plane the field lines 
are Archimedean spirals, while in a meridian plane the magnetic 
field lines are at a constant latitude. The constant latitude model 
corresponds to Archimedean spirals wound on cones of constant helio- 
centric latitudes. 

The structure of the solar corona photographed during solar 
eclipses indicates that high latitude polar fields may extend to 
low latitudes at 1.0 AtJ (Schatten 1972). The convergent field line 
model shown in Figure 5 is suggested by these observations. For this 
model the solar magnetic field projected into the ecliptic plane 
follows the Archimed.ean spiral hut in the meridian plane the magnetic 
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field lines exfcend to lower heliocentric latitudes mth increasing 
radial distances. 

Magnetic field measurements near 1.0 AU show a consistent 
skewing of the magnetic field amy from the equatorial plane (Coleman 
and Rosenherg 1971j Rosenberg and Winge 197 ii-), Such skevjing may be 
caused by magnetic field diffusion in the interplanetary medium 
(Schatten 1972). Stream interactions may contribute to an azimuthal 
velocity component in the solar wind or to a net divergence of mass 
and magnetic flux away from the equatorial plane (Suess et al. 197?)- 
The divergence of the magnetic field away from the equator could also 
be caused by magnetic pressure. The magnetic field spiral angle 
and, therefore, the magnetic pressure changes with heliocentric latitude. 
The magnetic pressure is greatest near the equator, causing mass and 
magnetic flux to be carried away from the equatorial plane (Suess 197^ j 
Suess and Herney 1975)* These observations suggest the divergent 
field line model shown in Figure 5« magnetic field projected into 

the ecliptic plane follows an Archimedean spiral, but in the meridian 
plane the magnetic field lines extend to higher heliocentric lati- 
tudes with increasing radial distances. 

Coronal photographs and ^ situ measurements of the solar 
magnetic field each suggest different models of the solar magnetic 
field. It is the purpose of this paper to test these various solar 
nagnetic field models . 
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yi. AHAirSIS OF EVEMIS 

Twenty type III events were initially cTiosen from the first 43 
orhits of HAWKEYE 1 and from the same time period for IMP 8 (June through 
August j 1974). the initial 20 events only three events were analyzed 
in detail^ while the others were throvra out for various reasons. Some 
events were multiple events originating from different regions of the 
sun. Other events did not have adequate coverage mth both satellites 
and for some events the modulation factor was too low to determine the 
direction of arrival accurately. 

A. Direction of Arrival Analysis 
Figures 6, If and 8 show the source locations for the three 
events that 't/ere analyzed as determined by simultaneous direction- 
finding measurements from HATffiEYS 1 and IMP 8 data, the BAE emission 
level scale, and the assuB5)tion of emission at the second harmonic 
of the plasma frequency. Since the trajectory of the burst in the 
first event (shown in Figure 6) vras near the earth the BAE emission 
level scale 'VTas adjusted so that the density scale agreed with in situ 
measurements of the solar wind density at 1.0 AU (M. Montgomery, 
personal communication, 1975 ). The BAE emission level scale lias 
not adjxisted for the last two events (shown in Figures 7 and 8) 
because the trajectory of the bursts were so far from the earth 
that the densities measured by IMP 8 could not be considered repre- 
sentative of the density at 1,0 AU along the trajectories of the bursts. 
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For each, event an Archimedean spiral is fit through the source 
locations projected into the ecliptic plane. Since HA.VJKEYE I’s spin 
plane is not oriented exactly perpendicular to the ecliptic plane it 
is necessary to Imotr the coordinate of the source position before 

^GSE determined. If could not he determined from the IMP 8 

data it -was computed from the Archimedean spiral fit throu^ the availa 
hie data points, Errors: in caused hy computing qj^gg are esti- 
mated to he smaller than 3°. Ihe GSE latitudes (T^ggji) and GSE longi- 
tudes (Vggjj) for the three events are summarized in Table 1, Any 
Xggg in Table I that required the Archimedean spiral fit to compute 
cpggg is indicated by an asterislc. 

The upper left-hand panel in Figures 6, Tj and 8 shows the 


source locations projected into the ecliptic plane and the hest fit 
Archimedean spiral through the source locations, A solar wind velo- 
city of 400 Ian sec” was used to construct the Archimedean spiral. 

The lower left-hand panel shows the Geocentric Solar Ecliptic 
longitude (9«cnr.) of "the least squares fit Archimedean spiral as viewed 
from earth as a function of heliocentric radial distance. The experi- 
mental values of “P^gg are also shown. The upper right-hand panel 
shows the heliocentric latitude of the source location as a function 
of frequency, and the least squares fit magnetic field line using the 
constant latitude model. The lower ri^t -hand panel shows the geo- 


centric solar ecliptic latitudes (Tigg^.) of the best fit field line as 
a function of heliocentric radial distance and the observed ?kQgg 
of the source locations. 
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The most probable flare location for each event is found by 
extrapolating the magnetic field line obtained from the constant 
latitude model back to the sun. IFor the three events analyzed the 
differences between the actual flare location (KQAA 197^j 1975) and 
the flare location computed from the least squares fit magnetic field 
line are in all cases less than 9“ in heliocentric latitude and less 
than 12° in heliocentric longitude , !Ehe first event, shoi'ra in Figure 6, 
deviates significantly from the constant latitude model of the magnetic 
field. The heliocentric latitude of the 100 kHz, 5^.2 IcHz, and 42,2 
kHz source locations suggest that the convergent field line model may 
best represent this event. [Oie other two events (Figures 7 and 8) 
are best represented by the constant latitude model. 

B. Source Size of Type III Bursts 
The modulation factor of the emissions can be used to estiisate 
the source size when the elevation angle, of the source is kno\jn. 

For this analysis the half angle source size is defined as the angle 
between a line from the observer to the centroid of the source and a 
line from the observer to the edge of the source. The source is modeled 
as a thin, flat disk from which radiation is emitted with a uniform 
intensity. For a given source size the solid angle of the disk 
remains constant for all elevation angles, o'. The calculated source 
sizes represent the longitudinal extent of the source. 

Figure 9 shows the source sizes of the June 8 event- as viewed 
from the earth. As would be expected, the source size increases as 
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the emission region nears the earth. Figure 10 shows the source 
sizes for the same event, hut, as viewed from the sun. The source 
sizes for the 500 hHz, 178 feHz, and 100 KSz remain relatively constant 
mth increasing radial distance; however, they are approximately 
twice as large as the 60“ full width half maximum -values that Lin 
( 1974 ) and Alvarez eb al. (1975) report for particle fluxes associated 
•with type III events. Scattering of the radio emissions may he 
responsible for the large apparent source sizes . 



VII- DISCUSSION 


Two of the three type III events presented in this paper are 
in agreement with the constant latitude model of the solar magnetic 
field. One event (June 8) is more consistent tTith the convergent 
field line model. However, the convergent field line model contra- 
dicts some measurements of the skewing of the magnetic field away 
from the equatorial, plane which have been made at 1.0 AU (Coleman 
and Bosenherg 1971? Rosenberg and Winge 197^) • None of the events 
presented indicates that the magnetic field lines cross the ecliptic 
plane or that the divergent field line model is valid. Additional 
evidence supporting the constant latitude model is that the predicted 
flare locations are in good agreement with the observed flare locations . 

Three features of type III bursts presented in this study are 
of special interest. The source sizes measured are a factor of two 
larger than the angular sizes of the solar electron emissions from a 
flare reported by Lin (1974) and llvarez afc ^ (1975). ‘The modulation 
factor tends to be largest near the beginning of an event, and the direction 
of arrival of the radiation varies systemraatically during the event, usually 
starting near the sun and deviating away from the sun later in the event. 

^ One possible explanation of all three features is a combination 
of emission at both the fundamental and the second harmonic of the 
plasma frequency. If a stream of particles generating a type III burst 
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moves outward from the sun and generates emission at both the funda- 
mental and second harmonic of the plasm fi-equency the fundamental 
emission would be seen first in a particular frequency channel, followed 
by the second harmonic emission. The shift in the direction of 
arrival of the radiation could be explained by emission containing 
both fundamental and second harmonic radiation. The fundamental 
emission region would, be closer to the sun than the second harmonic 
emission region; therefore, for most Archimedean spiral positions the 
direction of the source would start near the sun and drift away from 
the sun in a systematic way, as is observed in many cases. A larger 
angle shift would be seen in the lower frequency channels because the 
source locations are closer to the earth. The source size would be 
smaller for fundamental emission because the size of the source region 
grows larger with increasing radial distance from the sun, and the 
source region for fundamental emission is usually farther from the 
earth thar. the second harmonic source region; explaining the higher 
observed modulation factor near the start of the event. With simul- 
taneous emission of both fundamental and second harmonic radiation the 
apparent source sizes would be much larger than the individual source 
sizes for fundamental and second harmonic emission. 

There are other possible explanations for the systematic 
drifts in source location and variations in the modulation factor which 
should also be considered. Irregularities in the solar wind density 
could cause different regions to radiate at the same frequency at 
different times thus causing the observed changes in the angular 
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position of the source* If the radiation is not circular or randomly 
polariaedj changes in the polarization could affect the direction- 
finding measurements and produce effects of this type. However , 
pollination effects are least important in the direction-finding anal- 
ysis when the source location is near the spin plane of the antenna. 

For the IMP 8 measurenents the source is usually very near the spin 
plane, which minimizes errors of this type. 

Although irregularities in the solar mnd density or polariza- 
tion effects may cause the systematic drift in the direction of arrival 
of radiation from a type III event at one frequency, there is currently 
no completely adequate explanation of the drift in source position. 
Although the changes in the direction of arrival could he caused hy a 
combination of fundamental and second harmonic emission there is still 
no direct evidence that emission occurs at both frequencies. The 
effects of changes in the source position are thought to he reduced in 
this study since the source locations are averaged over the duration of 
the event. However, the exrplanatioh of the drift may provide important 
insight into the type III emission processes in the solar wind and 
should he studied in detail. 

The results of the analysis presented in this paper are model 
dependent. It is necessary to use a density scale to determine the 
heliocentric radial distance at which the radiation is generated. 

The requirement to assume a density model can be elimnated if the 
source position is determined by triangialation. For example, simulta- 
neous direction-finding measurements from three spacecraft , two 
located near the earth to establish the earth-source line and one 
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located fax from the earth to determine the source position along the 
line, can provide measurements of this type. Vie hope that simultaneous 
radio direction-finding measurements from the HEUOS 1 and 2 spacecraft, 
•which are now in orhit around the sun, and from the IMP 8 and JIMIKEZE 1 
satellites near the earth -will he able to provide such measurements. 

If successful, these multi-spaceeraffe direction-finding measurements 
will make it possible to study the three-dimensional structure of 
the nagnetie field in the solar wind con^letely independent of any 
modeling assumptions. 
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Table I 

latitude and Longitude of Type III Radio Bursts 
(Geocentric Solar Ecliptic Coordinates) 


Frequency 

latitude 

Longitude 


June 8 , 1974 


500 MIz 

— 

- 7^ +r 

178 IsHz 

__ 

-16° +1° 

100 Miz 

- 24 ° + 6° 

-20° +1° 

56.2 kHz 

-11° ^ 7° 

9 ° + 1 ° 

42.2 kHz 

-10° + 9°* 

— 

31.1 kHz 

-32° + 32 “* 

— 


July 5 . 1974 


178 kBz 

-21° + 7° 

- 2° +1° 

100 kHz 

-20° + 2 ° 

15 ° +6° 

56.2 kHz 

-30° +16°* 


42.2 kHz 

-32° +25°* 

— 


July 6 , 1974 


500 kHz 


- 5 “ ±1 

178 kHz 

— 

- 8° +1° 

100 kHz 

— 

4 ° +1“ 

56.2 kHz 

-31“ + 8°* 


42.2 kHz 

- 25 “ +15“* 


31.1 IsHz 

-11° +15 

■ ■ ■ — 


Involves model fitting^ not a direct measurement. 



36 


FIGURE CAPTIOUS 

Figure 1 The position of the source plane relative to the satellite 
spin axis, null position (6), and the sun for HAWKEYS 1 and 
IM* 8. The vector n is perpendicular to the source plane, 
and the spin axis (^) is perpendicular to the spin plane - 
The source planes for IMP 8 and HAWICEYS 1 intersect, and 
the source is located along this intersection. The source 
location is computed hy taking the cross product between 
n^, a vector normal to the IMP 8 source plane, and n^, a 
vector normal to the HAWKEfE 1 source plane, 9 is the angle 
"between the spin axis of the satellite and the sun- 
satellite line. 

Figure 2 A type III hurst observed simultaneously hy HAWEEYE 1 and 
IMP 8. The type III hurst is characterized hy a rapid 
decrease in frequency with increasing time, and at each 
frequency the intensity has a rapid rise time followed hy 
a slower exponential decay. 

Figure 3 The amplitude, geocentric solar ecliptic longitude, and mod- 
ulation factor for a type III hurst detected hy IMP 8 on 
June 21 at 100 kHz, The spin modulation is evident as a 
small amplitude, periodic change in the observed intaisity. 
The longitude drifts from near zero degrees near the begin- 
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ing of the event to about 45“ near the end. The moduJation 
factor near the beginning of the event averages about 
0.65, dropping to about 0.25 at the end of the event. 

The apparent shift in source location could be caused by 
polarization effects, density inhomogeneities, or by 
radiation from different source regions at both the funda- 
mental and second ha,rmonic of the plasma frequency. 

Figure 4 The ME emission level scale gives the average radial 

distance of a type Ltl hurst from the sun as a function 
of frequency of emission. The density scale assumes 
emission at the second harmonic of the plasma frequency. 

For one of the events analyzed the ME emission level 
scale was adjusted so that the density at 1*0 ATI agreed 
with ^ situ measurements at 1.0 AU. 

Figure 5 Three models of the solar magnetic field. 

Constant Latitude : Archimedean spirals wound on cones 

of constant heliocentric latitude. 

Convergent field line model ; Archimedean spiral field 
lines which extend to lower heliocentric latitude with 
increasing radial distance. 

Divergent field line model ; Archimedean spiral field 
Unes which extend to higher heliocentric latitudes 
with increasing radial distance. 
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Figure 6 Source locations for a type III event (June 8). The source 
locations follow an Archimedean spiral configuration 
in the ecliptic plane* The source locations out of the 
ecliptic are shown as a function of heliocentric latitude 
and radial distance. The hottaQi panels show the geocentric 
longitude and latitude of the source predicted hy a least 
squares fit of the constant latitude field line model to 
the observed geocentric longitudes and latitudes, ITofee 
that this event deviates from the constant latitude model 
at 56,2 lEz and 42,2 liHz implying that the magnetic field 
lines may extend to lower heliographic latitudes with in- 
creasing radial distance. The predicted flare location is 
found by extrapolatii^ the least squares fit field line 
back to the sun. 

Figure 7 Direction-finding measurements fea? another type III event 

(July 5)» Srojected intbo the ecliptic plane the source lo- 
cations follow an Archimedean spiral configuration. Out of 
the ecliptic plane the Source locations are at nearly con- 
stant heliocentric latitudes. Except for the 100 kHs emis- 
sion the data is consistent with the constant Intitude model. 

Figure 8 Direction-finding measurements for the third type III 
event (July 6). Erojected into the ecliptic plane the 
source regions follow an Archimedean spiral configuration* 

Out of the ecliptic the source locations are at very nearly 
constant latitude, which is in excellent agreement with the 
constant latitude model for the solar magnetic field. 
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Figure 9 Eie soiH'ce size of a i^e III "burst as a function of 

ifrequency as seen from the earth using a thin, flat disk 
as the modeled source* As the source region approaches 
the earth the source size increases, as would he expected. 

Figure 10 Source sizes as a function of frequency for the sans 

event as in Figure 9 viewed from the sun. Note that the 
source size remains essentially constant in the range from 
500 to 100 kHz, The source sizes are, however, larger 
than those previously determined from particle measurements. 
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